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ABSTRACT 
Analysis of thickness variation of folded layers in terms 
of apparent flattening indicates the relative 11viscositiesrr of 
the layers, and hence modes of deformation, Orthogonal-thickness 
ratios, which are unique for each percentage of flattening, 
are convenient indicators of the equivalent flattening of an 
initially concentric profile. Axial-thi ckness ratios, 
intrinsi cally more sensitive, are less useful because there is a 
spread of values for each percentage of flattening. 
Me asurements of fold profiles from diverse sedimentary, 
diagenetic and low-grade metamorphic environments show that the 
higher the t emperature and pressure at which the rocks were 
deformed the smaller the range of fold style. At Port ~oresby, 
Papua, progressive syntaphral sliding has folded Eocene cherts 
and l ess competent argillite in a complex polyclinal styl e. 
Individual layers, then groups of layers up to one metre thick, 
and finally slip sheets tens of metres thick slid towards the 
west-southwest. 
Structural analysis of linear and planar fold elements in 
diagenetic or lovr-grade metamorphic environments in Tasmania 
l eads to the conclusion that cleavage developed contemporaneously 
in both sandstone and slate as a planar feature. The cleavage 
in the slate is penetrative to the scale of detrital grains, 
but non-penetrative in the sandstone where pelitic ribbons 
anastomose through the rock enclosing non-cleaved lenses of 
normal greywacke fabric. The most satisfactory hypothesis 
to account for the observed mesoscopic configurations is that 
the cleavage formed during deformation as pelitic deposits in 
channels along which excessive water was forced out of the 
rock at very high pore pressure~c;. 
The ratio beti·reen pore pressure and confining :pressure is 
a significant parameter determining fold style. Heterogeneities 
necessaD' for concentric folding are effective where the 
pore pressure is relatively low, and the fold style is similar 
vrhere the pore pressure approaches the pressure on the grain fabric. 
Pore--pressure ratios are most readily varied in superficial deposits, 
and many different fold styles occur in the intrastratal contortions 
in the terrestrial, Pleistocene, preglacial deposits in Tasmania, 
and in the intraformational slumps of the Pleistocene Lisan 
Formation in Israel. Irregular "flow11 folds in the contact aureoles 
of two intrusive bodies in Tasmania grade outwards into more 
regular, concentric and disjunctive folds. Both the folding 
and the variation in fold style may have been caused by water 
pres0ures approaching the lithostatic load in the intrusions, 
and decreasing outwards. 
C(]\!TENTS 
Page 
pG{Jes prec:. 
ABSTRACT 
LIST OF ILLUSTR!\TIOi'!S i 
I NTRODUCT I CN vii 
CHf;PTER 1 'THICKNESS MfASUREMENTS 1 
l. 
2. 
INTRODUCTION 
RELATIOI\ISHIP OF FOLD PARPIJ'IETERS IN IDt:AL 
PROFILES 
(a) VARIATION OF AXIAL THICKNESS, Ta, 
WITH RESPECT TO a , THE .ANGLE BETWEEN 
THE TIJOffi\1AL TO THE LAYER AND THE AXIAL 
1 
4 
PLANE, IN CONCENTRIC FOLDS 4 
(b) TYPES OF FLATTENING 5 
(c) RECOGNITION OF DIFFERENTIAL FLATTENING 7 
(d) RECOGNITION OF NONUNIFORM FLATTENING 8 
(e) :NOI~-AXIAL-PLANE FLATTENING 8 
(f) EFFECTS OF FLATTENING ON A CONCENTRIC 
PROFILE 9 
(g ) DIFFICULTIES IN THE fviEASUREtilENT OF 
ORTHOGONAL THICKNESS IN FLATTENED 
CONCENTRIC FOLDS 11 
(h) EFFECT OF THE R-RATIO ON THE AXIAL-
RATIO PLOT FOR FLATTENED CONCENTRIC 
FOLDS 13 
( i) USE OF AXIAL -RATIO PLOTS FOR 
FLATTENED CONCENTRIC FOLDS 14 
(j) DIFFICULTIES IN LOCATING THE C&1TRE OF 
CURVATURE IN FLATTENED CONCENTRIC 
PROFILES 15 
(k) EFFECTS OF SII~LE AND PURE SHEAR OF 
A CONCENTRIC PROFILE 16 
( 1) DISTINCTION BET\\"'EEN SIMPLE Al"''D PURE 
SHEAR 
(m) DEFORMATION OF ANGLES DURING FLATTENING 
(n) OTHER METHODS OF ESTIMATING FLATTENING 
IN FOLDS 
( 0) CONCLUSIONS 
3. D I LATA TI Q\lAL STRAIN PND FOLDING 
(a) GENERAL REMARKS 
(b) RELATIONSHIP BETI-I'.EEN DECREASE IN 
POROSITY AND VOLUME CHANGE 
(c) RELATIONSHIP BE'Th.TEEN VOLUME CHANGE 
AND FLATTENING 
(d) EFFECTS OF DIFFERENTIAL COMPACTION 
ON FOLD STRUCTURES 
(e) F.ELATIONSHIP BE'rHEEN COMPACTION AND 
'l'HE PLAJ."''E OF APPARENT FLATTENING 
CHJlPTER 2 SYI'iTAPHRAL FOLDING IN EOCENE 
CHERTS, PORT hORES8Y 
1. INTRODUCTION 
2. PETROLOGY 
(a) GENERAL STATEMENT 
(b) FAUNA 
(c) PETROGRAPHY 
(d) CHERT AND FLINT NODULES 
(e) NON-·TECTONIC, SEDIMENTARY STRUCTURES 
(f) ENVIRONMENT OF DEPOSITION 
(g) CONCLUSIONS 
Page 
17 
19 
20 
21 
23 
23 
24 
24 
25 
26 
29 
29 
29 
29 
30 
31 
35 
35 
37 
38 
Page 
3. STRUCTURE 
( a ) GENERALIZED SECTION 39 
(b) FLAP FOLDS 40 
( c) SMALL-·SCALE GLIDES 46 
(d) SLIP SHEETS M~D SLIP ZONES 46 
(e) BROAD SYllCLINEE AND TIGHT ANTICLINES 48 
(f) ZOHE OF GENERAL INVOLUTION 
( g) RECUI.ffiENT FOLDS 
(h) FAULTING 
4. ORIGH< OF TI-!E FOLDING 
(a) THE LACK OF CLEAVAGE 
(b) THE LACK OF Mn METAMORPHISM 
(c) 'rHE SEQUENCE OF OVERFOLDING 
(d) GEOMETRY OF THE FOLDING 
(e) ORIENTATION OF AXIAL SURFACES 
5. CONCLUSIONS 
CHJ\PTER 3 Tf.CTONI C OIAGENETI C FOLDS 
f ,T SULPHUR CREEK 9 NORTHERi\j CO/l.ST OF 
TASf''IANIA 
1. INTRODUCTION 
2. STRUCTUPAL DESCRIPTIONS 
(a) GENERAL DESCRIPTION 
(b) DISJUNCTIVE FOLD IN AREA A 
(c) AREA B 
(d) AREA C 
48 
49 
49 
50 
50 
51 
51 
52 
52 
53 
54 
54 
56 
56 
58 
60 
64 
(e) AREA D 
(f) AREA E 
(g) INDIVIDUAL FOLD DESCRIPTIONS 
3. DESCRIPTION OF CLEAVAGE 
(a) GENERAL STATEMENT 
(b) !~SOSCOPIC DESCRIPTION 
(c) THIN-SECTION DESCRIPTION 
(d) CONCLUSIONS 
4. ORIGIN OF CLEAW,GF: 
(a) GENERAL STATEHENT 
(b) DETAILED CONSIDERATIONS 
5. REFRACTION OF CLEAVAGE 
(a) GENERAL DESCRIPTION 
(b) ORIGIN 
(c) CONCLUSIONS 
6. THE NATURE OF THE P1 DEFORfVIATION 
P,T SULPHUR CREEK 
(a) THE EARLY DIAGENETIC PHASE 
( b ) THE EARLY P1 PHASE 
(c) THE CLEAVAGE FORMATION 
( d) THE LA'l'E P1 PHASE 
CHAPTER 4 FOLDmC IN I NTERBEDDED 
SAf\l DSTOf~ES AfiJD SLf1TES AT TULLOChGORUr~9 
Page 
74 
76 
78 
98 
98 
99 
102 
103 
104 
104 
106 
ll4 
114 
ll5 
119 
119 
120 
120 
121 
122 
NORTHH1STERN TASW\mA 123 
1. INTRODUCTION 
2. STRUCTURAL DESCRIPT!a~s 
(a) ANTICLINE 1 AND SYNCLINE 1 
(b) AJ.IJTICLINE 2 
(c) STI~CLINE 2 
(d) M~TICLINE 3 
(e) SYrJCLINE 3 
(f) SYNCLINE 4 
(g) FOLDED SLATE-CLEAVAGE 
(h) JOINTING 
3. FLATTEi'.!ING 
4. CLEAVAGE 
( a ) GENERAL DESCRIPTION 
(b) THIN-SECTION DESCRIPTION 
(c) ORIGIN OF CLEAVAGE 
5. HI STORY OF STRUCTURAL EVOLUTIO\i 
( a ) SEDI!v!ENTARY AND EARLY DIAGENETIC 
Page 
123 
125 
125 
127 
128 
129 
130 
132 
133 
137 
138 
144 
147 
161 
STAGE 161 
(b) EARLY FOLDING STAGE 161 
(c) CLEAVAGE FORMATION 162 
(d) LATE FOLDING STAGE 163 
'----- - - -
Page 
CHAPTEi~ 5 HnRf1FORMATIONAL STRUCTURES IN 
THF. PLEISTOCENE GLACIAL f~ORAINE AT 
GORMMSTON 9 . WEST COAST OF TASMA~!IA 164 
l. INTRODUCTION 
2. STRUCTUR.AL DESCRIPTIONS 
(a) GENERAL DESCRIPTION 
(b) CO.l\1PACTION S'l'RUCTURES 
(c) DIAPIRIC FOLDS 
(d) CONVOLUTE FOLDS 
(e) MISCELLANEOUS STRUCTURES 
3. r;·HERPRETATION 
(a) ORIGIN OF THE CONTOR'riONS 
(b) CONCLUSIONS 
CHAPTER o EARLV~OIAGENETIC 9 
INTRAFORM/\TIONAL FOLDING IN Ti-lE PLEISTOCENE 
164 
167 
167 
168 
170 
174 
177 
183 
183 
186 
LISAN F0Ri"1ATION~ ISRAEL 187 
l. INTRODUCTIO~·I 187 
2. PETROLOGY 188 
3. STRUCTURJ\L DESCRIPTIOi'!S 190 
4. ORIGIN OF THE INTRASTPJ.\TAL CONTORTIONS 196 
5. CONCLUSICNS 200 
CHt\PTER 7 FOLDING IN THF. CONTI\CT kUREOLE 
OF A QUI\RTZ- GIORITE DYKE ~ :~0RTHU\STEP.J~ 
T!tSttrANif~ 201 
l. WTRODUCTIOI': 201 
Page 
2. STHUCTUF:E 202 
(a) GENERAL 202 
(b) FOLDING 203 
3. PETROGRAPHY 206 
(e.) QUARTZ DIORI'I'E 206 
(b) HORNFELS 207 
(c) GRf'..i;ODIORITIC VEINS 210 
(d) HORNFELS CONTACT ZONE 210 
(e) ZONED PLAGIOCLJ!,SE CRYSTALS 211 
4. STr:UCTUR/J,L INTERPR!-:TATION 213 
( e,) INTRUSIVE NATURE OF THE QUARTZ DIORITE 213 
(b) ORIGIN OF THE QUARTZ-DIORITE LOBES 213 
(c) ORIGIN OF THE FOLDING 215 
( 6.) NA'l'URE OF THE QUARTZ DIORITE DURING 
INTRUSION 216 
(e) INTERPRETATION OF THE HISTORY OF 
E~TRUSION 222 
CH/~PTER 8 FOLDING. IN A HORNFELS ADJ.ACENT 
TO A DOLERITE CONTACT 9 REMJ\RKABLE 
CAVE , S. E. TAS~ANIA 225 
1. INTRODUCTION 225 
2 . PETROGRAPHY 226 
3 . FOLDING 230 
(a ) GENERAL STATE.tv1ENT 230 
(b) DETAILED DESCRIPTIONS 232 
4. Il'lTERPRET .<\T I Of',! 
CHAPTER ~i MXSCELLANF.OUS FOLDS 
l. p., S~"ALL-SCJ\LC INTRAFORMATIONAL FOLD 
FROf,1 i\R.Jvl RIVEP.., HORTHEP-N TA!WIPNIA 
(a) INTRODUCTION 
(b) STRUcrURAL DESCRIPTIONS 
(c) INTERPTIETATION 
(d) CONCLUSION 
2. FOLDS H-1 THE 1\"ARTINSGURG SLATc 1 
PEM~')YLVPJ ~I A 
-~ 
-·. 
PECUMGENT, ZIG-ZAG FOLDS IN THE 
FRA.l'·.IC I SC/'N CHERTS, CALI FORNI A 
CHAPTER 10 VARIATION IN FOLD STYLE 
1. INTRODUCTION 
2. GEOI"ETRIC.l\L !INALYSIS OF FOLDS 
(a ) THE BEHAVIOUR OF GEOLOGIC MATERIALS 
II~ DIFFERENT ENVIRONMENTS 
Page 
237 
240 
240 
240 
2.41 
248 
252 
252 
256 
261 
261 
262 
(b) VARIATION OF STYLE IN A SINGLE FOLD 264 
( c) V ARIA'riOH OF S'rYLE IN DIFFERENT 
ENVIROUMENTS 266 
3. t'E CHAN I Cr'\L A\'AL YS IS OF FOLDS 
(a) GENERAL STATEMENT 
(b) SCALE IN MECHANICAL INTERPRETATIONS 269 
(c) THE ROLE OF LAYERING Hi DEFORMATIOi'i 269 
(d) POSSIBLE MECHANICAL CAUSES OF VARIATION 
IlJ FOLD S'IYLE 270 
REFERENCES 
APPENDIX I [icfli'JITION OF TER/'15 
APPEND I X 2 THE TEPJ1S SEDIMENTARY AND 
TECTONIC AS .A.PPLI ED TO ROCK STRUCTURES 
APPEND I X 3 CR I TI QUE OF SOt,€ ASPECTS 
OF t·'ODEPJ'! STRUCTURAL ANALYSIS 
Page 
14 pages 
7 pages 
ll pages 
FIGURE 
1-l 
l--2 
l-3 
l·-5 
l-6 
l · 7 
1·- 8 
2-l 
2-·2 
2--3 
2-4 
2-5 
2-6 
2-7 
i 
LIST OF ILLUSTRATIO~S 
Fold Parameters 
Types of flattening 
Effects of flattening and simple shear on a 
concentric profile 
Relationship betr.reen fold parameters 
Axial ratios in flattened concentric folds 
Angular deformation during flattening 
Effects of differential compaction 
Effects of compaction on slaty cleavage 
Location map of Paga ?oint sections 
Photomicrographs (a) Angular grains in 
calcarenite (b) \/ell-rounded grain of 
labradorite 
(a) Photomicrograp!.L i:lpheruli tes of 
chalcedonic quartz (b) P~otograph. 
Large, irregular nodules in chert 
Photographs (a) Small, spherical 
concretion in chert (b) Flinty nodules 
stretched into boudins 
(a) Photomicrograph. Fine--grained, 
chalcedonic quartz in flinty nodule 
(b) Photograph. Convolute folds 
Diagrammatic section through syntaphral 
folding, Paga Point 
Accurate sections A···B and B-·C along 
Paga Point cliff face 
Following Page 
4 
6 
10 
12 
14 
19 
25 
27 
29 
33 
34 
35 
36 
39 
40 
ii 
FIGURE 
2- 8 .A.ccure.te sections C-D and E-F along Paga. 
Point cliff f a ce 
2--9 Cross- section !x::low sea-level, Paga Point 
2· -10 Photographs (a) Flap fold (': ) Contorted 
slip zone 
2--ll Formation of flap folds 
2---12 :-3ome profile sketches and a block--diagram 
of a refolded fold 
2-13 Photographs (a) Folded recumbent fold 
(b) Folded isoclinal fold 
3-1 Location map, Sulphur Crec1-. area 
3- 2 Area Jl .. , and structural elements of area B 
3-3 Area B 
3-Jf Are<:>, C, vri th linear structural elements 
3· ·5 Variation in fold·· hinges in area C 
3-6 Pla.'YJ.a.r elements, are c. C 
3···7 Area D 
3-·8 Structural elements, area D 
3·-9 Area l:, vi th structural elements 
3- 10 Photograph s (a) Pl fold core (b) Tight 
Pl fold. core 
3-11 Photorsraphs ( e .. ) Isoclinal, early Pl fold 
core (b) Complexly folded nose of early Pl 
folG. core 
3--12 Photographs ( a ) Sinistral fold couple (b) 
Disjunctive fold 
3-·13 Photographs ( a ) Concentric fold (b) Tight, 
small--amplitude crenulations in peli t e 
3--14 Photograph s ( a ) Large paras i tic fold 
(b) Small parasitic fold 
3-15 Pi10togr aphs ( a ) Refolded, slippsd-off nose 
of fold (b) Intraformational, open-cast 
slump folds 
3 ... 16 Pi::otographs ( 2. ) Detached c or e of early 
Pl fold (b) Late Pl fold 
FollO'wing Page 
40 
40 
40 
43 
49 
56 
58 
60 
64 
72 
74 
75 
76 
78 
80 
81 
83 
85 
87 












































































































































































































































































































































































































































